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Presentation Outline and Scope
 (Focus: SME Companies)

• Open Standards for Supply Chain Modeling:

– Supply Chain Operations Reference (SCOR) Framework

– GreenSCOR Framework

• Open Standards for Process Modeling and Web Services

– Business Process Modeling Notation (BPMN)

– Business Process Execution Language (BPEL)
– Web Service Definition Language (WSDL)

– Simple Object Access Protocol (SOAP)

• Open Source Software Tools for Web Services

– Eclipse’s BPMN Modeler, BPEL Editor 

– Apache’s Tomcat, Orchestration Director Engine (ODE), 

 Axis and Struts Servlets 

– Liferay portal, MySQL, Hibernate, …

Modeling

Representation

Implementation

(SC Collaborator)
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Supply Chain Operations Reference (SCOR) Framework

• Uses:
– Supply Chain Network Modeling

– Performance measurement

– Benchmarking and best practices

• Five basic supply chain operations:

– Plan

 

: balance resources to meet the supply chain requirements

– Source

 

: manage the procurement, delivery, receipt, and transfer of subassemblies 

 
and products

– Make

 

: transform products to a finished state

– Deliver

 

: order management, transportation management, and distribution 

 
management

– Return

 

: post‐delivery customer support

• Performance metrics (524)
– Cycle time –

 

planning, sourcing, production, delivery

– Documentation

– % Orders delivered on‐time (shipping documents, accuracy, condition)

– Shipping

– etc..

Supplier’s 
Supplier Supplier Your 

Company
Customer Customer’s 

Customer

(Ref:  Supply Chain Council (SCC), 1996)



Four Levels of SCOR Framework
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Model

P1: plan supply chain; 
P2: plan source;
P3: plan make;
P4: plan deliver;
P5: plan return

S1: source stocked product; S2: source MTO product; S3: source ETO product; 
M1: make-to-stock; M2: make-to-order (MTO); M3: engineer-to-order (ETO); 
D1: deliver stocked product; D2: deliver MTO; D3: deliver ETO; D4: deliver retail



GreenSCOR Framework

(Supply Chain Council (SCC). Supply Chain Operations Reference (SCOR) Model, Version 9.0, 2008.)



(2) Total Environmental Footprint (e.g. product, component) = 

 air emissions + liquid waste + solid waste x (1 ‐

 
% recycled)

 

(2) Total Environmental Footprint (e.g. product, component) = 

 air emissions + liquid waste + solid waste x (1 ‐

 
% recycled)

GreenSCOR Framework
• Based on the SCOR framework
• Additional performance metrics:

– Carbon footprint (tons CO2

 

equivalent)
• Based on (1) energy consumption, (2) fuel type and 

 consumption, or (3) process throughput
• Or, actual emissions

– Air pollutant emissions, e.g. COx, NOx, SOx, Volatile Organic 

 Compounds (VOC) and Particulate, the major air pollutants that 

 US EPA tracks (tons or kg)
– Liquid waste generated (tons or kg)
– Solid waste generated (tons or kg)
– % Recycled waste (per cent)

(1) Total Carbon Footprint (e.g. product, component)(1) Total Carbon Footprint (e.g. product, component)



Performance Measurements using GreenSCOR
Service 
Centers FabricatorsProducers 

(Mills) Erectors

Source Make Deliver

Plan

Source Make Deliver

Plan

Source Make

Plan

Make Deliver

Plan

Carbon
Air
Liquid
Solid
% Recycled

P4

D2M2

P3

D1

P4

P1

P2

S2S1

P2

M2

P3

D1M1

P3

S1

P2 P4

M1

P3

SCOR
Level 3

SCOR
Level 1

SCOR
Level 2

M1.1
Schedule 

 
Production

M1.2
Issue 

 
Product

M1.3
Produce 

 
& Test

M1.4
Package

M1.5
Stage 

 
Product

M1.6
Release 

 
Product to 

 
Delivery

Carbon
Air
Liquid
Solid
% Recycled

Carbon
Air
Liquid
Solid
% Recycled

Carbon
Air
Liquid
Solid
% Recycled

Carbon
Air
Liquid
Solid
% Recycled

Carbon
Air
Liquid
Solid
% Recycled

Carbon
Air
Liquid
Solid
% Recycled



Presentation Outline and Scope

• Open Standards for Supply Chain Modeling:

– Supply Chain Operations Reference (SCOR) Framework

– GreenSCOR Framework

• Open Standards for Process Modeling and Web Services

– Business Process Modeling Notation (BPMN)

– Business Process Execution Language (BPEL)
– Web Service Definition Language (WSDL)

– Simple Object Access Protocol (SOAP)

• Open Source Software Tools for Web Services

– Eclipse’s BPMN Modeler, BPEL Editor 

– Apache’s Tomcat, Orchestration Director Engine (ODE), 

 Axis and Struts Servlets 

– Liferay portal, MySQL, Hibernate, …

Modeling

Representation

Implementation

(SC Collaborator)



SCOR Level 3 model (a collection of SCOR Level 3 processes)Business Process Modeling 
Notation (BPMN):
Elements:
- Flow Objects: Flow Objects: 
Events, Activities, Gateways
- Connecting Objects: Connecting Objects: 
Sequence Flow, Message 
Flow, Association
- Swimlanes: Swimlanes: Pool, Lane
- Artifacts: Artifacts: Data Objects, 
Group, Annotation

SCOR Level 3 and 4 Modeling

M2: Make-to-Order

S2: Source Make-to- 
Order Product

D1: Deliver Stocked Product

M1: Make-to-Stock
S1: Source Stocked 
Product

Event:

Activity:

Gateway:

And     XOR    OR

Start      End

Connecting Objects:

M1: Make-to-Stock

SCOR Level 4 model
(implementation of a SCOR 
Level 3 process)

M1.3 Produce & 
Test

http://upload.wikimedia.org/wikipedia/en/0/09/BPMN-Activity.JPG
http://upload.wikimedia.org/wikipedia/en/a/af/BPMN-Connecting.png


Collaborative Systems with Open Standards

Supply Chain 
Network Modeling 

(e.g. SCOR)

Web Services 
Mechanisms and 

Protocols (e.g. SOAP)

Process Modeling 
and Definition

(e.g. BPMN, UML, PSL, 
PetriNet, IDEF0)

Process Execution 
(e.g. WS-BPEL, 

WS-CDL)

System DesignSystem Design System ImplementationSystem Implementation

Data Formatting 
(e.g. WSDL, STEP, 

IFC)
Supplier’s 
Supplier Supplier Your 

Company
Customer

Customer’s 
Customer

<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<wsdl:definitions 
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" 
xmlns:tns="http://eig.stanford.edu/GreenSCOR" 
xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" 
xmlns:xsd="http://www.w3.org/2001/XMLSchema" name="GreenSCOR" 
targetNamespace="http://eig.stanford.edu/GreenSCOR">
<wsdl:types><xsd:schema 

targetNamespace="http://eig.stanford.edu/GreenSCOR">
<xsd:element name="ReportGreenSCOR">
<xsd:complexType><xsd:sequence>
<xsd:element name="organization" type="xsd:string" />
<xsd:element name="process" 

type="xsd:string"></xsd:element>
<xsd:element name="item" type="xsd:string"></xsd:element>
<xsd:element name="value" type="xsd:double"></xsd:element>
<xsd:element name="unit" type="xsd:string"></xsd:element>
<xsd:element name="CO2e" type="xsd:double"></xsd:element>
</xsd:sequence></xsd:complexType>

</xsd:element>
</xsd:schema></wsdl:types>
<wsdl:message name="ReportGreenSCORRequest">
<wsdl:part element="tns:ReportGreenSCOR" name="parameters"/>

</wsdl:message>
:
:

</wsdl:definitions>

(BPMN Modeler – Eclipse) (BPEL Editor 
– Eclipse)



Presentation Outline and Scope

• Open Standards for Supply Chain Modeling:

– Supply Chain Operations Reference (SCOR) Framework

– GreenSCOR Framework

• Open Standards for Process Modeling and Web Services

– Business Process Modeling Notation (BPMN)

– Business Process Execution Language (BPEL)
– Web Service Definition Language (WSDL)

– Simple Object Access Protocol (SOAP)

• Open Source Software Tools for Web Services

– Eclipse’s BPMN Modeler, BPEL Editor 

– Apache’s Tomcat, Orchestration Director Engine (ODE), 

 Axis and Struts Servlets 

– Liferay portal, MySQL, Hibernate, …

Modeling

Representation

Implementation

(SC Collaborator)



SC Collaborator – A Prototype Implementation
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Open standards :
SOAP, WSDL, BPEL
Open source software:
– Apache Tomcat, Struts framework, Axis framework: communication
– Liferay Portal System: user interface
– MySQL, Hibernate framework: database support
– Apache ODE engine: BPEL engine



Emissions and Wastes 
Reporting and Calculation

SC Collaborator – A Prototype Implementation

Service Deployment of 
Applications and 

Information Sources

SCOR Level 4 
Models
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Web services

App 1
Wrapper

Application 
Portlet Unit

Portlet gateway

Web services

Source 1
Wrapper

Web services

Source 2
WrapperWeb services

App 2
WrapperWeb services

GreenSCOR
Wrapper

BPEL (D1.3) BPEL (M1.3) BPEL (M1.4)

BPEL (Product 1)
BPEL (Prod. 2) BPEL (Prod. 3)

SCOR Level 3 
Models

Application 
Portlet Unit

Portlet gateway

Application 
Portlet Unit

Portlet gateway

Portlet IntegrationSC
 C

ol
la

bo
ra

to
r

WSDL WSDL

WSDL
WSDL

WSDL

WSDLWSDLWSDL

WSDL

WSDL
WSDL

SCOR Level 3 
process element



Reporting Carbon and Environmental Footprint

Production of steel hot rolled 
sections (incl. mining of iron ore, 
coke making, blast furnace, and 
BOF steel making)

System recognizes your 
organization when you log in
Select the SCOR Level 2 
(P/S/M/D) or Level 3 process 
to report
Fill in the numbers
Submit the numbers to the 
back-end inventory

1

2

3

4

1

2

3

4



EU LCA DataSet

:
:

Crude oil: 1.797 MJ
Coal: 7.409 MJ
Natural gas: 2.481 
MJ

Steel section: 1 kg
Waste: 0.45 kg
Carbon dioxide: 1.1 kg
Carbon monoxide: 0.013 kg

• (http://lca.jrc.ec.europa.eu/lcainfohub/datasetArea.vm)



EU LCA DataSet

Iron: 0.0001171 kg 
Methane: 0.0007196 kg 
Nitrogen dioxide: 0.0016869 kg 
Nitrous oxide: 4.81014E-5 kg 
Particles (PM2.5-10): 0.0006144 kg 
Sulfur dioxide: 0.0020492 kg 



Reporting of Carbon and Environmental Footprint

Defra’s GHG conversion factors 
(April 2008)

Units kg CO2

 

/unit

Fuel oil MJ 0.965

Natural gas MJ 0.666

Industrial coal MJ 1.188

Example (coal):
85408 x 1.188
= 101,457 kg CO2

Weight of steel sections 
produced

Carbon 
Footprint Environmental 

Footprint

Global Warming Potential

Example (methane):
(20 yr) 8.3 x 72
= 597.6 kg CO2 e
(100 yr) 8.3 x 25
= 207.5 kg CO2 e

Data from EU 
LCA data 

sheets



Discussion
• Open Standards

 
‐‐

 
facilitates prototype implementation of 

 sustainable engineering supply chain

• GSCM framework
 

–
 

Compatibility with companies’
 processes and environmental management systems?

• Data, Case Studies, Interoperability
 

‐‐
 

Data collection 
 throughout supply chains can be difficult and costly?  
 Sharing of data and case studies among companies? Data 

 interoperability among application services? 

• Metrics, Standards
 

and Regulations – Performance 
 measures and standardization of metrics, regulation 

 compliance  infrastructure?

• Usage and End‐of‐Life consideration
 

‐‐
 

total environmental 
 impacts throughout entire product life cycles



Green Supply Chain Management (GSCM) and Life Cycle 
 Assessment (LCA)

Raw 
Material 

Extraction

Manufacturing 
by Tier-n 
Suppliers

Manufacturing 
by Tier-1 
Suppliers

Product 
Use

Product 
Retirement Disposal

Recycling & 
Remanufacturing

….

Energy
(tools, facilities, transportation, staff, etc.) Materials

Emissions
(to Air, Water, Land)

Wastes Products & By-products

• LCA usually does not consider the environmental impacts of suppliers (n‐th tier 

 suppliers)

• GSCM usually focuses on supply chain operations (planning, sourcing, 

 production, delivery, and return activities) but not use and re‐manufacturing

• LCA + GSCM (+ social responsibilities)

Green Supply Chain Management (GreenSCOR)

Life Cycle Assessment

Carbon Emissions



http://www.apple.com/environment/
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